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IN T R O D U C T IO N
In the highway business, change is essential. Across this na tion  we 
have thousands of miles of highways which need m ain tenance and 
rehab ilita tion , and  state and  local highway agencies are struggling  to 
find  the funds necessary to do the work. T he In tersta te  H ighway P ro ­
gram  began  in 1956. M any of the early in tersta te  sections are over 20 
years old and  m any have carried  traffic volumes far beyond their 
original design life. Design standards have evolved, and  safety h a rd ­
w are is continually  being im proved. As I drove here on I -65, I was 
rem inded  of the diversity of the vehicles on the road  today —m ini-cars 
and  m acro-trucks. Tw enty years ago we designed gu ard ra il and 
breakaw ay devices for 4,000 or 5,000 lb. autom obiles; today we have 
cars which weigh only 1,500 lbs. In  the truck ing  industry  the rising 
petro leum  prices have h ad  the opposite effect, w ith trucks becom ing 
larger an d  heavier. Recently a sta te engineer m entioned  a logging 
truck which was stopped for a weight check. T h e  weight was 150,000 
lbs., and  the driver was fined for being overweight. O ne week la ter the 
same truck  was caugh t again . This tim e it w eighted out at 176,000 lbs. 
C an you im agine the effect of this overload on a country  road , to say 
no th ing  of the effect on o lder bridges and  culverts?
W hat abou t the bridge deck problem ? “C oncrete b ridge decks 
th roughou t In d iana  are suffering from  p rem atu re  and  accelerated  
d eterio ra tion  due to spalling. This is traceab le  to corrosion of reinforc­
ing steel, and  aggravated  by extensive use of salt on bridges as requ ired  
by In d ia n a  w inters. T h e  cu rren t b ridge deck reconstruction  an d  repair 
program  in In d iana  is conservatively estim ated  at $37 m illion per year, 
and  is not keeping up  w ith accelerating  needs.” Now I know this figure 
sounds high, b u t it comes from  a very reliable source, a 1977 P urdue 
research  study for the In d iana  D epartm ent of Highways.
How abou t the u rb an  traffic control problem ? In an o th er P urdue 
study, the app lication  of ou r U rban  T raffic  C ontrol System (UTCS-1) 
for W est Lafayette was investigated. T h e  study ind icated  th a t “each 
weekday of the year the savings to m otorists in this single city would
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total 173 hours, 150 gallons of gasoline and  nearly  100 kilogram s of 
carbon  m onoxide emission. These benefits could be ob ta ined  by simply 
resetting the signal con troller tim ing dials as ind icated  by a com puter 
p rin to u t.
Now th a t I ’ve suggested a few of the problem s th a t you and  o ther 
highway officials across the country  are facing, I ’d like to describe some 
of the research  which is a ttack ing  these problem s, and  some of the 
solutions which have been found.
H IGHW AY SAFETY
I’ll s ta rt w ith the highway safety area. O n average, one person is 
killed every 10 m inutes in this country  in a traffic accident, and  one 
person is in ju red  every 10 seconds. R esearch in highway safety is m a n ­
d ated  by the Congress, ou r A dm in istrato r has stressed the im portance 
of safety as an  in teg ral p a rt of every highway design, and  every 
highway engineer and  adm in istra to r is aw are of the po ten tial legal 
liability associated w ith unsafe highway features.
O ur research has shown th a t traffic control features are very im ­
p o rtan t. M easurem ents m ade at 140 low-volume intersections show 
th a t stop signs produce the highest road  user costs while yield signs 
resulted  in the lowest user costs. W hile this is not surprising, we were 
surprised  to find  th a t the m ore restrictive stop signs d id  no t reduce ac ­
cidents. In  an o th er study, n ine cities were surveyed to determ ine excess 
d irectional and  regulatory  signs. In  112 miles of random ly  selected 
streets, only 20 of nearly  5,600 signs were found  unnecessary. C ontrary  
to p o pu lar opinion, excessive signing of city streets is not a significant 
prob lem . However, there  are still problem s w ith the am oun t of in fo r­
m ation  con ta ined  on some signs.
T rucks are getting  larger and  cars are  getting  sm aller. T his helps 
our fuel consum ption prob lem  b u t aggravates the safety prob lem . 
M uch of the  roadside safety hardw are  was designed to hand le  im pacts 
by the past vehicle fleet. W e are now conducting  crash tests and  o ther 
research  to ex tend  the ability of this hardw are  to hand le  the sm aller 
cars and  larger trucks. Specific item s being tested include concrete 
m edian  barriers , new gu ard ra il and  b ridge rail designs, and  new slip 
base designs for wooden utility  poles.
T h e  self-restoring barrie r, or SERB, g u ard ra il has a tu b u la r three- 
beam  rail a ttach ed  to the posts w ith h inged rods. Cables position the 
strong, stiff rail abou t one foot away from  the posts. W hen the rail is 
im pacted  by a vehicle, it moves tow ards the posts and  upw ard , 
sim ultaneously softening the im pact an d  providing backspin th a t 
counters the tendency of the vehicle to roll tow ards the g u ard ra il. A fter 
im pact, the rail drops back to its original position an d  is autom atically
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p rep ared  for the next collision. M ain tenance w ould not o rd inarily  be 
requ ired  for passenger car im pacts. T h e  SERB g u ard ra il has been suc­
cessfully tested at 60 m .p .h . w ith vehicles rang ing  from  an  1,800 lb. 
H onda Civic to a 40,000 lb. in terc ity  bus. T h ree  states have agreed to 
install, m a in ta in , and  evaluate the SERB in h igh exposure locations.
Over 9,000 pedestrians are killed each year. See Fig. 1. T o  reduce 
this p rob lem , New York, B altim ore, San Francisco and  B oulder are u s­
ing our m odel pedestrian  safety p rog ram  m anu a l to help  select 
pedestrian  im provem ent m easures. T h ree  cities are also using our 
recom m endations to develop pedestrian  corridors for the elderly and  
h an d icapp ed . I should note th a t ou r pedestrian  m easures are  useful for 
sm all as well as large cities.
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TR A FFIC  O PE R A T IO N S
In the traffic  operations area we are con tinu ing  to develop and  
refine com pu ter program s for traffic sim ulation  and  control. T he  o b ­
jectives of an  enhancem ent project are:
- M inim ize Cost of Im plem en ta tion
- Increase R eliability  an d  Im prove Perform ance
- S tandard ize Software
- M inim um  10-Y ear Service Life
I ’ve already  ind icated  th a t the original version of the U rb an  T ra f ­
fic C ontrol System was tested in W est L afayette. W e have been w orking 
for several years to im prove this p rog ram  an d  our enhanced  version is 
now being field tested in B irm ingham , A labam a. I regret the delays
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w hich have occurred  in this work, b u t feel th a t we m ust have the p ro ­
g ram  debugged  before it is pu t into full operation . T h e  p rog ram  p r in t­
ou t stands 6 ft. h igh and  contains over 500,000 lines of code, so one 
can  im agine the tim e requ ired  to get a p rogram  th a t is bo th  clean and  
po rtab le . Portab ility  of com puter software is an  im p o rtan t issue. W e 
are m aking  a strong effort to ensure th a t ou r com puter progm am s are 
readily  ad ap tab le  to the large variety of m ain  fram e com puters which 
are in-place in sta te  and  local highway agencies.
A nother area  th a t we are investigating is the use of m ini and  
m icro-com puters for traffic control. R ight now the technology is a d ­
vancing rap id ly  and  there is no universal p rog ram  language available. 
O ne of the reasons for the technology explosion is the strong R&D ef­
fort by private industry . A recent fea tu re  article in Time m agazine in ­
d icated  th a t one of the com panies which produces desk top  com puters 
is spending $20 m illion per year on R&D. T his represents 10 percen t of 
the ir gross sales.
W e have found  an  additional p rob lem  w ith com puter p rogram s. 
W hen your experts s ta rt using them , they find  additional m odifications 
an d  im provem ents which can  be m ade. T o  keep track  of these im ­
provem ents, and  to provide technical assistance when needed, we have 
w orked with our Office of T raffic  O perations to determ ine the 
feasibility of a traffic software support facility. T h e  O T O  support 
cen ter is now expected to be in opera tion  this sum m er.
M A TER IA LS
Even before the last round  of oil shortages, we h ad  work underw ay 
to reduce the requ irem ents for petro leum  based m aterials in highway 
construction  an d  m ain tenance. Sulfur, w ith ap p ro p ria te  m odifications, 
has been investigated as a substitu te  for asphalt and  num erous test sec­
tions have been p laced  around  the country . At the cu rren t cost of a p ­
proxim ately  $140 per ton, su lfur substitutes are not econom ically feasi­
ble for wide scale application . By the m iddle of this decade, however, 
the price com parisons betw een asphalt and  sulfur could change 
substantially . W hen th a t tim e comes, we expect to have good in fo rm a­
tion on the sulfur, and  field test d a ta  on the durab ility  of the 
pavem ents constructed  w ith these m aterials.
In my opening  rem arks I m entioned  the bridge deck problem s here 
in In d iana . All of the states w ith snow and  ice control p rogram s have 
experienced problem s w ith steel corrosion an d  concrete de terio ra tion . 
W e have conducted  substan tial research  to solve this p roblem . O utdoor 
exposure tests on large sa lt-con tam inated  slabs continue to show th a t 
epoxy-coated reinforcing steel provides long-term  pro tection  against 
w idespread corrosion in bridge decks and  o ther concrete m em bers. But
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w hat abou t the decks w hich already have chloride con tam ination  and  
corrosion? W e’ve stud ied  various reh ab ilita tio n  actions, such as conven­
tional overlays, m em branes, an d  sealers, an d  found  none of these stops 
corrosion. O ur d a ta  show th a t experim en tal restoration  procedures 
cu rren tly  in w idespread use do little  to reduce corrosion and  actually  
provide only s truc tu ra l rep a ir and  im proved ride quality .
But the p ic tu re  is no t bleak. Tests in bo th  the laborato ry  an d  the 
field have shown cathodic pro tection  stops corrosion regardless of the 
salt con ten t of the concrete. T h e  technology associated w ith cathodic 
p ro tection  of b ridge decks has been advancing  rapidly. Sufficient in fo r­
m a tio n  is available now to ensure th a t applying properly  engineered 
cathodic pro tection  to a reinforced  concrete deck will not adversely a f­
fect s truc tu ra l in tegrity  and  will provide long-term  pro tection . It is now 
possible to apply cathodic pro tection  to an  existing deck w ithout using 
an  overlay or to com bine cathodic p ro tection  w ith the  overlays typically 
used in deck reh ab ilita tio n . W e have recently  analyzed the  cost im ­
plications of applying cathodic p ro tection  to bridge decks w hich now 
show only m inor distress, and  have estim ated up  to 20 billion dollars 
can  be saved by preventing  h igh  cost concrete rem oval in the fu ture .
W e would also like to elim inate  the  prob lem  of chloride con ­
tam in a tio n  at the source; by finding  an  accep tab le  substitu te for rock 
salt or o ther chlorides for highw ay deicing. A com pound called 
calcium  m agnesium  acetate  (CMA) has been identified  as the most 
prom ising substitu te  because it does not con ta in  the corrosion- 
accelerating  chloride ion nor the w ater-po llu ting  sodium  ion. Research 
is p lanned  to develop an  efficient m ethod  for com m ercial p roduction  
of CMA (there are no cu rren t com m ercial sources), to fu rth e r d e te r­
m ine its env ironm ental acceptability , and  to determ ine the most effi­
cient m ethods for its app lica tion  and  use. In the fu ture , you m ay be 
sending out CMA crews ra th e r th a n  salt trucks in the w inter.
M any engineers have questioned w hether paving g rade asphalts 
have changed  because of new crude oil sources and  m odified  refin ing 
techniques. D ata provided by the states for 97 asphalts show tha t 
significant changes in asphalt properties occurred  betw een 1950 and  
1980. T em p era tu re  susceptibility has increased and  lim ited  d a ta  show 
an increase in shear susceptibility. In add ition , the chem ical com posi­
tion of asphalts has changed  and  there is m ore variability . Several new 
predictive techniques are being developed to help pavem ent designers 
work w ith the newer asphalts.
STR U CTU RES
O ur s truc tu ra l research p rogram  includes bo th  bridge and  pave­
m ent structures.
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M any of the o lder through-truss highway bridges have been found 
struc tu ra lly  inadequ a te  for present traffic. An upcom ing  repo rt will 
describe ways to upgrade the s truc tu ra l capacity  of these bridges, thus 
p reclud ing  the need  for early bridge rep lacem ent at m any locations.
C ontrolling  overweight vehicles is a con tinual p roblem  in some 
areas. Fixed weigh stations can be easily avoided and  po rtab le  scales re ­
quire tim e losses for bo th  the truckers and  the enforcem ent officials. 
W orking w ith state highway officials, we have used a new FHW A 
bridge w eigh-in-m otion (W IM ) system du ring  the past year to get m ov­
ing vehicle weights on bridges in n ine states. T h e  com plete W IM  
system can be housed in a small van or tra ile r and  can be operational 
at a b ridge site in a few hours.
A lthough m ost of the m otoring  public only sees the top of the 
bridge, engineers realize th a t piers and  abu tm en ts can  be affected by 
stream  changes and  m ovem ents. W hen it is determ ined  th a t a stream  is 
unstab le  effective counterm easures, m ust be used. W e have some good 
inform ation  available describing stream  problem s and  solutions.
M A IN TE N A N C E
In the m ain tenance  area, we have been testing various form ulas 
and  applications for polym er concretes. T he m ate ria l has been used 
successfully to rep a ir potholes in PCC pavem ent. A fter the de terio ra ted  
concrete is jackham m ered  and  sandblasted , the polym er concrete is 
placed like conventional PCC. T he finished p roduc t looks like conven­
tional concrete bu t there are several differences. It cures in 1 hour or 
less at tem pera tu res rang ing  from  0-100°F and  reaches a compressive 
strength  of 8000 psi. It has been successfully used by m any states with 
few problem s. I m ust w arn tha t the cu rren t cost is $600 per cubic yard, 
so it m ust be used selectively. T h e  m ateria l can  also be used to repair 
cracks in PCC pavem ents.
A no ther type of polym er-concrete m ate ria l is a bu ilt-up  overlay for 
b ridge decks. Polyester or vinyl ester resin is p laced on a cleaned  b ridge 
deck and  fine silica aggregate is b roadcast on the resin. A fter the resin 
has cured , the process is repea ted  3 tim es and  a final thickness of 1 /2  
in. is reached. T h e  com pleted  overlay is im perm eab le to deicing salts 
an d  extrem ely skid resistant. Skid num bers in the h igh 50’s and  60’s 
have been m a in ta ined  for 3 years in our cu rren t field test sections. T h e  
4 layers are easily p laced  in 1 day and  the in-place cost is $20-25 per sq. 
yd. T he  overlay m ate ria l is particu larly  useful when com bined w ith 
cathodic pro tection . T he  m ate ria l appears to have a good fu ture .
A nother activity I would like to m ention  is ou r value engineering 
(VE) series for m ain tenance. In  this p rogram  several states form  a team  
to evaluate selected m ain tenance practices and  determ ine unnecessary 
an d  inefficient activities. In the past 6 years, 30 states have been involved
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in 12 d ifferent studies, an d  they have estim ated  annual cost savings 
over $8 m illion because o f the value engineering  recom m endations.
T h e  first two VE studies focused on snow an d  ice control. T h e  four 
states involved in these studies determ ined  they could reduce the 
am oun t of deicing m aterials by 20 percen t as a result of these studies.
A no ther VE study covered b itum inous patch ing . T he  states in this 
study found  th a t p roper hole p rep ara tio n  and  com paction  will increase 
the life o f the p atch . O ur only prob lem  w ith the VE series has been 
produc tion  of enough reports to m eet the requests for copies from  
county  an d  o ther local highw ay agencies.
T h e  final item  th a t I will describe affects highway safety, traffic 
operations and  your m ain tenance  budgets. N ationw ide, sta te and  local 
highw ay agencies use 30 m illion gallons of traffic  p a in t and , w ith the 
in itial p a in tin g  an d  m ain tenance  costs, spend over $200 m illion a n ­
nually  for pavem ent m ark ings. A new, m ore d u rab le  epoxy 
them oplastic (E T P) pavem ent m ark ing  m ate ria l has been developed 
and  field tested. T h e  m ate ria l consists o f two epoxy resins, calcium  c a r­
bonate , p igm ent, and  prem ixed  glass beads. T h e  com position of the 
epoxy them oplastic pavem ent m ark ing  m ate ria l is as follows:
60 lb Solid Epoxy Resin (Araldite 7097 or Equivalent)
40 lb Liquid Epoxy Resin (Araldite 6010 or Equivalent)
20 lb TiO2 (white) or PbCrO4 (yellow) Pigment
20 lb Calcium Carbonate Filler
28 lb Premixed Gradation Beads
168 lb TOTAL DENSITY 13.1 lb/Gallon
T h e  m ate ria l is heated  to 450 °F and  sprayed to a thickness of 
15-20 mils. Since it is a 100 percen t solids fo rm ulation , the dry 
thickness is the sam e. In  field tests the no-track  tim e was 5 seconds, 
elim ina ting  the need  for coning du rin g  application .
Presently, the E T P  m ate ria l costs twice as m uch  as conventional 
traffic p a in t. However, u n de r the worst test conditions, E T P  lasted  
twice as long as pa in t, and  on the average it last 5 tim es as long. U nder 
a wide range of conditions, the use of E T P  can  result in a 60 percen t 
savings over traffic p a in t. W ith  nationw ide use, this translates to a 
po ten tia l savings of $120 m illion per year.
SUMMARY
I em phasize change because th a t’s w hat the im p lem en ta tion  of 
research  is all abou t. N ationw ide, nearly  $50 m illion a year is spent on 
highway research , developm ent, an d  technology transfer. This m oney 
is wasted if the new technology is not p u t into  practice  by state, county 
an d  city highw ay officials. W e’re going to do ou r p a rt to develop 
technology th a t you need, and  to get it to you. I hope th a t you will do 
your p a rt.
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